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Abstract

Background—Waist circumference (WC) is commonly measured by either the World Health
Organization (WHO) or National Health and Nutrition Examination Survey (NHANES) protocol.

Objective—Compare the associations of WHO vs. NHANES WC-to-height ratio (WHtR)
protocols with cardiometabolic risk factors (CMRFs) in a sample of youth with diabetes.

Methods—~For youth (10-19 years old with type 1 [N=3082] or type 2 [N=533] diabetes) in the
SEARCH for Diabetes in Youth Study, measurements were obtained of WC (by two protocols),
weight, height, fasting lipids (total cholesterol, triglycerides, HDL cholesterol, Non-HDL
cholesterol) and blood pressures. Associations of CMRFs with WHO and NHANES WHtR were
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modeled stratified by body mass index (BMI) percentiles for age/sex: lower BMI (<85t BMI
percentile; N=2071) vs. higher BMI (285" percentile; N=1594).

Results—Among lower-BMI participants, both NHANES and WHO WHtR were associated
(p<0.005) with all CMRFs except blood pressure. Among higher-BMI participants, both
NHANES and WHO WHItR were associated (p<0.05) with all CMRFs. WHO WHtR was more
strongly associated (p<0.05) than NHANES WHTtR with triglycerides, non-HDL cholesterol, and
systolic blood pressure in lower-BMI participants. Among high-BMI participants, WHO WHtR
was more strongly associated (p<0.05) than NHANES WHtR with triglycerides and systolic blood
pressure.

Conclusion—Among youth with diabetes, WHtR calculated from either WC protocol captures
cardiometabolic risk. The WHO WC protocol may be preferable to NHANES WC.
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BACKGROUND

The association between central adiposity and cardiometabolic risk factors (CMRFs) among
adults with diabetes is well known; however, less is known about this association among
youth.

While body mass index (BMI), including transformations such as BMI percentiles or z-
scores, has been used as a clinical marker for cardiometabolic risk, inherent limitations are
recognized, particularly the lack of differentiation in body fat distribution. Given the concern
about total abdominal or visceral (intra-abdominal) fat, the waist-to-height ratio (WHtR) has
been proposed as an additional or alternative risk indicator [1], with the simple public health
message to “Keep your waist circumference (WC) to less than half your height” [2]. In
growing children, WHtR makes more inherent sense than WC alone given their ongoing
height growth. More recently, Kahn et al., using data in a sample of youth aged 11-12 years
from the HEALTHY Study, showed that assessments by WHtR can provide cardiometabolic
risk estimates similar to conventional BMI z-scores without requiring reference to a
normative growth chart [3].

WC measures differ based on anthropometric protocols recommended by the World Health
Organization (WHO) and by the National Health and Nutrition Examination Survey
(NHANES). However, neither has been adopted clinically as a consistent standard measure.
In a previous comparison of WHO and NHANES WC measures among participants of the
SEARCH for Diabetes in Youth study (N=6248; aged 2-25 years), the mean NHANES WC
was found to be greater than the mean WHO WC (76.3 cm vs. 71.9 cm) [4]. These
differences were greater for females, among older participants, and in those with higher
BMI. In both sexes and across ages, the WCs from both methods were highly correlated
with BMI z-scores and no evidence was found that one of these two methods was a better
indicator of BMI z-score. However, that study did not examine the association of WC or
WHTtR to CMRFs.
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There has previously been some suggestion that WHO WC is a better predictor of CMRFs
than NHANES WC. Johnson et a/. [5] compared four waist measures to CMRFs in a
population of 8-17 year old Canadian youth with BMIs > 85t percentile referred for weight
management. They found that waist measurements at the narrowest waist or midpoint
between the floating rib and iliac crest were more closely associated with metabolic risk. Ma
et al. [6] also recently examined the difference between WC-mid (analogous to WHO) and
W(C-iliac crest (IC, analogous to NHANES) in predicting CMRFs and diabetes risk among
Asian adults and found that WC-mid was more closely related to visceral fat area (by CT)
and CMRFs.

The SEARCH for Diabetes in Youth Study provides a unique opportunity to compare
various measures of adiposity in a large sample of racially and ethnically diverse participants
with types 1 (T1D) or 2 (T2D) diabetes. Using WHtR as our primary adiposity measure, we
examined the association between WHtR and CMRFs and compared WHO and NHANES
protocols to test if WHO WC was more closely associated with CMRFs than NHANES WC.

METHODS

Study Design and Population

SEARCH is a multicenter population-based study that started in 2001 and ascertains youth
aged <20 years with clinically diagnosed diabetes, excluding those with gestational diabetes
[7]. Cases were ascertained from geographically defined populations in Ohio, Colorado,
South Carolina and Washington; from Indian Health Service beneficiaries from four
American Indian populations; and from enrollees in a managed health care plan in
California. Institutional review board(s) for each site approved the study protocol. Youth
whose diabetes was not secondary to other conditions were invited to a SEARCH study visit.
Females who said they were possibly pregnant were excluded from these analyses.

Waist Measurement

Youth aged 10-19 years with physician-diagnosed diabetes that was prevalent in 2001 or
incident between 2002 and 2008, excluding 2007, were invited to complete an in-person
visit that included collecting a blood sample and anthropometric assessments conducted by
centrally trained research staff (registered cases in SEARCH Phase 2 from 2006-2010 were
only invited for visits in alternate years). WC was systematically measured by two protocols
during each examination. Participants missing one of the WC protocol measurements were
excluded (n=120). For each measurement, the measuring tape was positioned parallel to the
floor with the participant standing, abdomen relaxed, arms at the sides, feet together and
facing the observer with the waist exposed.

In the method used for NHANES, WC was assessed just above the right iliac crest at the
midaxillary line [8]. In the method recommended by WHO, WC was taken with the tape
midway between the lowest rib margin and the iliac crest at the mid-axillary line [9].
Measurement by the NHANES method was always done first and measurement by the WHO
method was done last, and were taken by study personnel trained and certified centrally on
both methods. For each method, two measurements were taken and, if they differed by more
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than 1.0 cm, a third measurement was performed. A third measure was required in 130
(3.6%) of WHO waist measures and 164 (4.5%) of NHANES waist measures. Data from the
mean of the two or three measurements for each method were used for analyses.

Height was measured using a stadiometer. Two height measures were taken for each
participant and the average of the measures was calculated. WHtR was calculated by
dividing the average of the waist measures (in centimeters) by the average of the height
measures (in centimeters).

Cardiometabolic Risk Factors

At the in-person visit, blood was drawn after fasting for at least eight hours to measure lipids
(total cholesterol [TC], low-density lipoprotein cholesterol [LDL-C], high-density
lipoprotein cholesterol [HDL-C], and triglycerides [TG]). We also determined non-HDL-C
by subtracting HDL-C from TC. Laboratory samples were obtained only if there had been
no episode of diabetic ketoacidosis within the prior month. Specimens were processed
locally at the sites and then shipped within 24 hours to the central laboratory (Northwest
Lipid Metabolism and Diabetes Research Laboratories, University of Washington, Seattle,
WA), where they were analyzed. Measurements of TC, HDL-C, and triglycerides were
performed enzymatically on a Hitachi 917 autoanalyzer (Boehringer Mannheim Diagnostics,
Indianapolis, Indiana). LDL-C levels were calculated by the Friedewald equation for
individuals with triglyceride levels <400 mg/dL [10] and by Lipid Research Clinics Beta
Quantification [11] for those with triglyceride levels =400 mg/dL.

Three blood pressure measurements were obtained during the in-person visit using a
portable mercury manometer [12]. The average of the three measures for systolic and
diastolic blood pressure was used for analysis.

Statistical Analysis

To characterize our analytic sample, we calculated descriptive statistics by diabetes type
(T1D or T2D) and BMI categories (lower BMI: BMI percentile <85% or higher BMI: BMI
percentile =85%) for age and sex [13]. Means and standard deviations were used for
continuous variables, while frequencies and percentages were used for categorical variables.
To evaluate the agreement between the NHANES WHtR and the WHO WHtR, we
dichotomized each WHItR indicator as values <0.5 and >0.5 and calculated a Cohen’s Kappa
statistic. This stratification is consistent with the analyses by McCarthy and Ashwell [2] and
is generally consistent with the WHtR boundary value for adults.

The primary outcome variables were CMRFs: triglycerides, log-transformed (Log-TG);
total, HDL-, and LDL-cholesterol (TC, HDL-C, LDL-C); systolic and diastolic blood
pressure (SBP, DBP). To describe any differences in these factors by NHANES and WHO
WHIR, we compared the mean CMRFs by the dichotomous WHIR variables using two
sample t-tests. Lastly, linear regression was used to determine the partial correlation between
the CMRF outcomes and each continuous WHtR measure, after adjusting for continuous
age, diabetes type, sex, and race. A squared term for age was also included to account for
nonlinearity in CMRF outcomes as participants increased in age. To determine if the
NHANES WHtR and WHO WHtR were equally correlated with the CMRF outcomes, we
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tested for differences [14] in the partial correlations of each outcome and the NHANES
WHItR and WHO WHtR measures. All statistical analyses were performed in SAS 9.4 (Cary,
NC), and a p-value of <0.05 was considered significant.

Participant characteristics for the 3615 youth with diabetes are shown in Table 1, with
stratifications by BMI percentile categories (lower BMI: n=2071 vs. higher BMI: n=1544)
and sex. When analyses were stratified by DM type, not only was the number of youth with
T2D much smaller than the number with T1D, but they almost all had BMI >95! percentile
(over 80%, data not shown). Therefore, we present our results stratified by BMI percentile
categories instead of DM type. NHANES WC and WHtR were consistently larger than
respective WHO measures. Youth in the lower BMI category had WHtRs generally <0.5
(90.2% of youth with T1D had NHANES WHtR < 0.5 and 98.7% for WHO WHtR) and
youth with higher BMI had WHtRs >0.5 (98.4% of youth with T2D had NHANES WHtR
>0.5 and 93.6% for WHO WHtR).

The concordance between WHtR <0.5, >0.5) using the NHANES and WHO WC protocols
is shown in Table 2. Given the skewed distribution of BMI percentiles towards overweight
and obesity among youth with larger BMIs, only 23% of youth (20.1% for males, 25.3% for
females) had discordance where the NHANES WHtR was >0.5 and the WHO WHtR was
<0.5 (Kappa=0.55 in males, Kappa=0.28 in females); only 0.4% had discordance in the
other direction (NHANES WHtR<0.5 and WHO WHtR>0.5). For youth with BMIs below
than the 85™ percentile, approximately 3% of males and 15% of females had discordance
where the NHANES WHtR was >0.5 and the WHO WHtR was <0.5 (Kappa=0.27 and 0.18,
respectively). Although the discordance in the other direction (NHANES WHItR <0.5 and
WHO WHIR >0.5) was very small (less than 0.1%) among youth with T1D, it was not zero.
Overall, the concordance between WHtR using NHANES and WHO was better for males
than females.

The associations between CMRFs and WHtR according to the NHANES and WHO
protocol, stratified by BMI percentile categories, are shown in Table 3. When analyzed
separately by sex, results did not differ; therefore, results are presented for the two sexes
combined. Youth with WHtRs >0.5 (both NHANES and WHO) had significantly higher TC,
TG, LDL-C, and non-HDL-C than youth with WHtRs <0.5 across BMI percentile
categories.

Finally, linear regression results of the association between NHANES and WHO WHTtR and
individual CMRFs, adjusted for age, diabetes type, race and ethnicity, and sex, and stratified
by BMI percentiles, are shown in Table 4. When analyzed separately, results did not differ
by sex; therefore, the results were combined and sex-adjusted in the model. For both BMI
percentile categories, both WHtR measures were associated with most of the CMRFs. In
youth in the lower BMI category, compared to the NHANES WHIR, the WHO WHtR was
more strongly associated with log-TG and non-HDL-C (p<0.001 and 0.048). For LDL-C,
HDL-C, and DBP, however, the stronger association of the WHO WHtR was not statistically
significant (p range 0.14 to 0.4). Among youth in the higher BMI category, partial
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correlation coefficients were significant for both NHANES and WHO WHIR for all CMRFs
NHANES WHtR. The WHO WHtR was more strongly associated with log-TG and SBP.
DISCUSSION

As seen in previous studies, NHANES and WHO WC measures differ significantly;
NHANES methodology leads to larger WC measurements than those of WHO. This is
consistent with findings in most studies in adults and those including children and
adolescents [6, 15-17]. For example, Patry-Parisien ef a/. recently compared WHO and
NHANES WC measurements among Canadian aged 3-79 years and found significant
differences between the two measures, again with NHANES measures being greater than
those from the WHO protocol [16].

We have previously reported rates of overweight and obesity from earlier analyses of data
from the SEARCH population [18]. Among youth with T2D, the prevalence of overweight
was 10.4% and of obesity was 79.4%; among youth with T1D, 22.1% were overweight and
12.6% were obese. We found similar ranges in this SEARCH cohort. Using WHtR as our
measure of adiposity, the distribution of WHtR differed between youth with T1D and T2D
as expected given these BMI percentile distributions. Notably among youth with T1D,
however, there were youth with both low (WHtR<0.5) and high (WHtR>0.5) WHtRs and
those with high WHtRs had higher CMRFs.

WHIR was associated with CMRFs among both lower and higher BMI categories. The
WHO WHtR measurement was more strongly associated with several of the CMRFs
(triglycerides, non-HDL cholesterol, and systolic blood pressure) relative to the NHANES
WHTtR. While our study cannot demonstrate why the WHO measure is more strongly
associated to CMRFs compared to NHANES, we suggest some explanations based on the
distinct anatomic differences in WC measurement methodology. As described in our
methods, NHANES WC is assessed just above the right iliac crest at the mid-axillary line [8]
in contrast to WHO WC which is measured midway between the lowest rib margin and the
iliac crest at the mid-axillary line [9]. It is possible that the NHANES WC measurement is
limited or constrained by the fixed bony anatomy of the pelvis whereas the WHO WC
measures soft tissue variations at a level less influenced by rigid bone. It is also possible that
the higher (more cephalad) location of the WHO WC measurement may reflect visceral
(intra-abdominal) adiposity associated with CMRFs better than the NHANES WC location.
Ma et al. recently examined the difference between WC-mid (analogous to WHO) and WC-
iliac crest (IC, analogous to NHANES) in predicting CMRFs and diabetes risk among adults
in Taiwan [6]. They found that WC-mid, compared to WC-iliac crest, was more closely
related to visceral fat area (by CT imaging) and to CMRFs.

Our study is the largest examining the association of NHANES and WHO WC measures
with CMRFs in youth with diabetes. The SEARCH cohort is notable as the largest, U.S.
population—based diabetes study among youth with racial and ethnic diversity and both
diabetes types. However, this cross-sectional study does not account for changes in adiposity
nor treatment effects on CMRFs over time. An additional strength is that the measurements
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were obtained on the same day and therefore not affected by food intake, menstrual cycle, or
time of day.

These data extend our existing knowledge of the utility of measures of adiposity to a
population of youth with T1D and T2D. Our results indicate that WHtR may be added as a
useful indicator for assessing cardiometabolic risk. In addition, our data suggest that the
WHO protocol is more strongly correlated to some CMRFs compared to the NHANES
protocol in youth at certain levels of body composition.

Considering that a true association would lend itself to a uniform association between both
groups, our study has a few caveats. One factor to consider is the difference in the sample
size among the two diabetes types. While SEARCH has a relatively large sample of youth
with T2D, the sample limits our ability to examine multiple stratifications including diabetes
type. A second consideration is that there may be challenges in ascertaining accurate waist
measurements particularly among larger youth, leading to greater variability and less
precision in the data.

Nonetheless, our study demonstrates the association of WHtR to CMRFs in youth with
diabetes and some support for a stronger association using the WHO protocol. Further
research is needed to explore these relationships among youth with diabetes, including
longitudinal analyses and comparisons with novel measures of cardiometabolic risk.
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Table 1
Selected Patient Characteristics by BMI Percentile Category (<85%, = 85%) and Gender

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

BMI Percentile < 85%

BMI Percentile 285%

Female Male Female Male
N (%) 993 (47.9) 1078 (52.1) 833 (54.0) 711 (46.0)
Age Group (Years, %)
10-12 457 (46.0) 386 (35.8) 260 (31.2) 240 (33.8)
13-15 333 (33.5) 406 (37.7) 329 (39.5) 276 (38.8)
16-19 203 (20.4) 286 (26.5) 244 (29.3) 195 (27.4)
Race/Ethnicity (%) *
NHW 760 (76.5) 872 (80.9) 412 (49.5) 430 (60.5)
Hispanic 108 (10.9) 109 (10.1) 150 (18.0) 135 (19.0)
AA 87 (8.8) 71 (6.6) 222 (26.7) 105 (14.6)
API 23(2.3) 12 (1.1) 20 (2.4) 12 (1.7)
Al/AN/Other 15 (1.5) 14 (1.2) 29 (3.5) 30 (4.2)
NHANES WC (Mean, SD) 72.5 (8.0) 72.4(7.4) 97.3(18.2) 95.5 (19.1)
WHO WC (Mean, SD) 66.6 (6.4) 69.5 (6.7) 88.9 (15.4) 89.6 (17.3)
NHANES WHIR (Mean, SD) | 0.463 (0.039) | 0.442 (0.030) | 0.604 (0.105) | 0.572 (0.096)
WHO WHIR (Mean, SD) 0.426 (0.032) | 0424 (0.028) | 0.553 (0.091) | 0.537 (0.088)
Diabetes Type (%)
Type 1 971 (97.8) 1065 (98.8) 531 (63.8) 515 (72.4)
Type 2 22(2.2) 13 (1.2) 302 (36.3) 196 (27.6)

*
Race/ethnicity category abbreviations: NHW: Non-Hispanic White; AA: African American; API: Asian Pacific Islander; AI/AN: American

Indian/Alaska Native.
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